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SPECIFICATION 

1. Title of the Invention 

Method for Recovering Interleukin-2 Polypeptides 

2. Claims 

A method for recovering interleukin-2 polypeptides, comprising the five steps 

of: 

a first step in which lysozyme is brought into contact with microbial cells in 
which interleukin-2 polypeptides accumulate in the form of intracellular particles; 

a second step in which the cells brought into contact with the lysozyme are 
ultrasonically ruptured; 

a third step in which the ruptured material is placed in a gravitational field to 
collect the precipitate; 

a fourth step in which the precipitate is placed under weakly oxidizing 
conditions in a 1 M to 6 M guanidine aqueous solution; and 

fifth step in which the interleukin-2 polypeptides dissolved in the guanidine 
aqueous solution are collected. 

3. Detailed Description of the Invention 

Field of Industrial Utilization 

The present invention relates to a method for recovering interleukin-2 (IL-2) 
polypeptides, and in particular to a method for recovering IL-2 polypeptides v/hich 
have accumulated in the form of particles in microbial cells. 
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IL-2 is a lymphokine having the action of T-cell promoting factor, and holds 
promise in medical applications. 

Prior Art 

The method featuring the use of microbes manufactured by recombinant DNA 
techniques is known as a method for manufacturing IL-2 (European Laid-Open Patent 
Application 0091539), Attempts to manufacture IL-2 using such microbes result in 
IL-2 polypeptides which often accumulate in the form of particles in the microbial 
cells. Complicated steps have been needed to solubilize IL-2 polypeptides which have 
accumulated in the form of particles so as to recover them in the form of polypeptides 
having IL-2 activity, but the polypeptides that are obtained have low specific activity, 
and the yield of polypeptides is not very high. 

In another known method for collecting protein which has accumulated in the 
form of particles in microbial cells, lysozyme is first brought into contact with the 
microbial cells, the cells are then ultrasonically ruptured, and the protein is then 
centrifugally separated from the ruptured material (see, for example, Biotechnology, 
pp. 151-152 (February 1985) for bovine growth hormone). It is known that the 
resulting protein particles can be solubilized using guanidine hydrochloride or the like 
(see, for example, US Patent 4,476,049 for interferon). It is also known that the two 
thiol residues in common soluble protein molecules can be oxidized with glutathione or 
the like to form disulfide bonds (for example, Biochemistry, 9, (1970), pp. 5015- 
5022). 

What is not known, however, is what type of method would be suitable for 
recovering higher yields of polypeptides having a higher specific activity from the IL-2 
polypeptides accumulating in the form of particles in microbial cells. 

IL-2 polypeptides in particular are more poorly soluble in water than other 
proteins. Furthermore, when particulate polypeptides are solubilized, three thiol 
residues are produced per molecule, and these types of polypeptides have no IL-2 
activity. It may be necessary to form disulfide bonds from these three thiol residues, 
but the disulfide bonds must be selectively formed from two of the thiol residues. In 
this respect, the recovery of IL-2 polypeptides is more complicated than conventional 
proteins which accumulate in the form of particles. 
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Problems Which the Invention Is Intended to Solve 

An object of the present invention is thus to find a method allowing IL-2 
polypeptides which have accumulated in the form of particles in microbial cells to be 
recovered in higher yields in the form of soluble, active IL-2 polypeptides having 
higher specific activity. 

Means Used to Solve the Above-Mentioned Problems 

In view of the foregoing, the inventors discovered that polypeptides with higher 
specific activity can be obtained in higher yields when lysozyme is brought into contact 
with microbial cells in which IL-2 polypeptides have accumulated in the form of 
particles, the cells are then ultrasonically ruptured, the ruptured material is placed in a 
gravitational field to allow the precipitate to be collected, the precipitate is then 
introduced into 1 M to 6 M guanidine aqueous solution, the solution is placed under 
weakly oxidizing conditions, and the IL-2 polypeptides dissolved in the guanidine 
aqueous solution are finally collected. 

European Laid-Open Patent Application 0091539 discloses a method for 
producing IL-2-producing microbes prepared by recombinant DNA techniques, as well 
as IL-2 polypeptides obtained by the culture of these microbes. 

In methods for bringing lysozyme into contact with microbial cells in which 
IL-2 polypeptides accumulate in the form of particles, the microbial cells are preferably 
suspended in culture broth or hypotonic buffer (pH 6 to 8) to a wet weight of between 
0.005 and 0.2 g/mL, the lysozyme is added to between 2,500 and 50,000 units/mL, 
and the solution is usually held for at least 30 minutes, preferably at a temperature of 
between 0 and 30°C. Desirable results are sometimes obtained by adding 0.1 to 
100 mi-i EDTA to the suspension. 

The cells brought into contact with the lysozyme are ultrasonically ruptured (9 
to 25 kHz). The device should be an ultrasonic generator commonly used to rupture 
and homogenize cells or tissue, and either an immersion type or cup type of phone can 
be used to transmit the ultrasonic waves to the samples. The ultrasonic output is 
adapted to the ultrasonic generator being used, and usually ranges from 20 W to 1 kW, 
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The treatment time should be selected according to the amount of liquid being treated, 
the output, the phone being used, and so forth. The ruptured state of the cells can be 
readily observed under the microscope. Upon suitable rupturing, the non-particulate 
cellular structural materials (cell walls, cell membranes, etc.) of die IL-2 polypeptides 
will be fmely fragmented and will not retain their original form. The ultrasonic 
treatment is exothermic, so the cells should be ruptured at as low a temperature as 
possible, usually 4^C, to prevent the suspension from undergoing thermal denaturation. 

The IL-2 polypeptide particles obtained as a result of the rupturing are placed in 
a gravitational field and are collected in the form of precipitate. The material should be 
centrifuged under conditions resulting in the precipitation of the IL-2 polypeptide 
particles, usually for about 5 minutes at 2,000 to 30,000 x G, and preferably 
10,000 X G. It may also be centrifuged with a saccharose or other such density 
gradient. The precipitate thus obtained usually contains 80% or more IL-2 
polypeptides. 

The precipitate consisting of the resulting particulate IL-2 polypeptides is 
suspended or dissolved, preferably to a concentration of between 0.01 and 0.2 g/L, in 
1 M to 6 M guanidine solution. Higher yields of IL-2 polypeptides are sometimes 
obtained when the guanidine solution is diluted to between 1 and 4 M after the particles 
have been well dissolved in 4 to 6 M guanidine solution. The pH of the guanidine 
aqueous solution ranges from 6 to 10, and preferably from 7 to 9. The guanidine 
aqueous solution in which the particulate IL-2 polypeptides have been suspended or 
dissolved is preferably held at a temperature of between 5 and 45°C. 

Guanidine hydrochloride is readily available and is thus usually used, but the 
guanidine may also be used in the form of other salts or in free form. 

The 1 to 6 M guanidine aqueous solution in which the particulate IL-2 
polypeptides have been suspended or dissolved is placed under weakly oxidizing 
conditions. Air or an oxygen-containing gas may be passed through the guanidine 
aqueous solution to put it under weakly oxidizing conditions, and weakly oxidizing 
agents such as glutathione, cysteine, mercaptoethariol, dithiothreitol or other thiol 
compounds (and oxygen or other oxidizing agents) and their disulfide forms may also 
be added to the aqueous solution. Weakly oxidizing agents may be added to the 
guanidine aqueous solution at the same time that the particulate IL-2 polypeptides are. 
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but Uiey may also be added after the IL-2 polypeptides have been dissolved to a certain 
extent, particularly after 4 to 6 M guanidine has been diluted with water. 

The weakly oxidizing agent may be used in excess amounts, but is usually used 
in a concentration of between 1 and 100 mM, and preferably between 10 and 20 mM. 
When a disulfide compound is used as the oxidizing agent, it should be mixed with a 
thiol material. When, for example, glutathione is used, reduced glutathione (GSH) and 
oxidized glutathione (GSSG) should be mixed in a ratio of 5: 1 to 20: 1. When only 
reduced glutathione is used, air should be passed through the guanidine aqueous 
solution. 

The reaction liquid is sampled at suitable intervals during the oxidation, which 
is continued until analysis by reverse phase HPLC reveals that the active IL-2 peak has 
stopped increasing. 

The IL-2 polypeptides dissolved in the guanidine aqueous solution are recovered 
by a common method. For example, the guanidine aqueous solution may be 
desalinized by gel filtration, and subjected to column chromatography using an anion 
exchange resin. The salt concentration can be increased to elute the adsorbed IL-2 
polypeptides, and the eluate can be immediately subjected to reverse phase HPLC to 
purify the product. This allows essentially contamination-free IL-2 polypeptides to be 
obtained. 

Operation and Effects of the Invention 

The method for recovering IL-2 in the present invention allows IL-2 
polypeptides with high specific activity to be obtained in high yields. 

Practical Example 1 

IL-2-Producing Microbes 

E. coli pT9-ll/HB101 allowing IL-2 polypeptides to accumulate in the form of 
intracellular particles was obtained in the following manner (see Figure 1). 
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That is, interleukin-2 cDNA fragments were obtained by cleavage with PstI 
from pIL2-50A containing the intact cDNA of IL-2 (European Laid-Open Patent 
AppUcation) (registered E. coli xl776/pIL2-50A, AJ11996, PERM BP-226), and 
approximately 300 bp fragments containing the A-T and G-C homopolymers present in 
the 3' nonstructural gene of the IL-2 cDNA gene were removed by digestion with Dral, 
resulting in 530 bp fragments. These fragments and BamHI linker, and the larger 
fragment of the Pstl-EcoRI of pBR322 (EcoRI portion blunted with Klenow), were 
ligated with T4DNA, resulting in the construction of a plasmid with the BamHI 
cleavage site inserted after the nonstructural gene approximately 50 bp downstream of 
the interleukin-2 structural gene. The plasmid was digested with HgiAl to obtain 
HgiAl fragments containing the IL-2 gene, and these were treated with DNA 
polymerase I (Klenow) to cut the nucleotide of the single-stranded portion protruding at 
the 3* terminal, resulting in blunt ends. These fragments were then cleaved with 
BamHI to obtain approximately 450 bp fragments. 

pDR 720 was used as a plasmid with a trp promoter. pDR 720 incorporates a 
trp promoter and an operator fragment at the Smal cleavage site of pKO-1 (D.R. 
Russell and G.N. Bennett, Gene, 20, p. 231 (1982)). The pDR 720 was digested with 
Hpal and BamHI, resulting in large Hpal-BamHI fragments, which were joined at the 
trp promoter with a synthetic oligomer (as shown in Figure 1) including GCA coding 
for the N terminal alanine of the mature IL-2 polypeptide and the protein synthesis 
initiation codon ATG as well as a SD sequence consisting of AAGG. pMI-9 was then 
selected out. 

pTrpA was meanwhile obtained upon joining DNA having a synthesized trpA 
terminator sequence with large fragments of PvuII and Sail cleaved fragments from 
pBR322. The pMI-9 and pTrpA were then digested with EcoRI and BamHI to prepare 
fragments including the IL-2 gene from the pMI-9 and fragments including the trpA 
terminator from the pTrpA, and these two fragments were joined to obtain pT9-ll. 
The pT9-ll was then introduced into £. coli HBlOl (F", hsd S20 (rg-, mg-), recA13, 
ara-I4, proA2, lacYl, galK2, rpsL 20 (Sm'), xyl-5, m+£-l, supE44, X) to obtain 
pT9-ll/HB101. 
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• Preparation of IL-2 Polypeptide Particles 

Cells were aeration cultured for 13 hours at 3rC as the pH was adjusted to 6.2 
with ammonia in 300 mL culture medium having the following composition: 
2% casamino acid, 0.2% yeast extract, 0.5% NH4CI, 2% glucose, 0.1% KH2PO4, 
0.05% MgS04-7H20, 0.005% CaClj ^HiO, 0.8 mg/mL L-leucin, 0.8 mg/mL 
L-proline, 8 mg/mL thiamine, 100 |ig/mL ampicillin, and 25 |ig/mL streptomycin. 
Meanwhile, when the O.D. at 660 nm reached about 5.0, 25 |ig/mL of 3-indoleacrylic 
acid was added to express the IL-2 gene. 

The cells were then collected and suspended to a wet weight of 0.02 g/mL in 
20 mM Tris hydrochloric acid buffer (pH 7.5) containing 50 mM EDTA, lysozyme (by 
Seikagaku Kogyo, albumin, specific activity > 50,000 U/mg) was added to 1 mg/mL, 
and the material was held for 30 minutes at 10°C. 20 mL was then ultrasonically 
treated (50 W) for 10 minutes at 40°C (using a sonicator by Odake Seisakusho) to 
rupture the cells, and IL-2 polypeptide particles were collected by 5 minutes of 
centrifugation at 12,000 x G. 

Recovery of Active IL-2 Polypeptides 

The resulting IL-2 polypeptide particles were dissolved in 20 mL of 
6 M guanidine hydrochloride (Gun-HCl), and the IL-2 polypeptides were quantified by 
liquid chromatography. Meanwhile, cultured cells which had not been treated with 
lysozyme and ultrasonically ruptured were solubilized with 6 M Gun-HCl for 
quantification of IL-2 polypeptides by liquid chromatography. The results are given in 
Table 1. 



Table 1 



Treatment 


IL-2 yield (7o) 


IL-2 content of protein 


Treated with lysozyme, ultrasooicaUy 
ruptured, and centrifuged 


92 


85 


Untreated 


100 
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A pellet containing the resulting IL-2 polypeptides was dissolved to an IL-2 
concentration of 0.3 mg/mL in 0. 1 M Tris hydrochloric acid buffer (pH 8,0, 
hereinafter abbreviated as A) containing 6 M guanidine hydrochloride. The product 
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was then diluted 3-foid with 0.1 M Tris hydrochloric acid buffer (pH 8.0, hereinafter 
abbreviated as B), GSH and GSSG were each added to final concentrations of 10 and 
1 mM, respectively, and the pH was adjusted to 8 using dilute caustic soda. The 
product was allowed to stand for 12 hours at room temperature, and the low molecular 
weight [components] were removed by subjecting the reaction liquid to column 
chromatography on Sephadex G-25 equilibrated with 0.05 M sodium acetate buffer 
(pH 5,0). The product was allowed to flow through a column packed with 
CM-Sephadex C-25 that had been equilibrated with 0.05 M sodium acetate buffer 
(pH 5.0), resulting in the adsorption of the IL-2, which was eluted with 0.5 M sodium 
acetate buffer (pH 5.0). 

The resulting IL-2 polypeptide fractions were subjected to reverse phase HPLC 
(using the method noted in Japanese Laid-Open Patent Application 59-225195), and the 
IL-2 fractions were separated. Assay using cytotoxic T-lymphocytes revealed that the 
resulting IL-2 polypeptides had a specific activity of 4.8 x 10^ U/mg. Examination of 
the disulfide bond bridge locations using a peptide map revealed locations between 
Cys-58 and Cys-105, which were the same as native IL-2 (ProNAS, 81 (1984), 
pp. 6486-6490). The yield of IL-2 polypeptides contained in the pellet was 86%. 

Practical Example 2 

Solutions were prepared with the IL-2 polypeptide concentration and guanidine 
hydrochloride concentration adjusted to the levels given in Table 2 by varying the 
volume of buffers A and B relative to the amount of pellet when a pellet which had 
been solubilized with the buffer A described in Practical Example 1 was diluted with 
buffer B. The products were treated with GSH and GSSG by the same method as that 
in Practical Example 1, and the treated liquid was immediately analyzed by reverse 
phase HPLC to determine the rate of conversion of active IL-2, that is, IL-2 having 
disulfide bonds between Cys-58 and Cys-105, relative to the total IL-2 polypeptides. 
The results are given in Table 2. 



Table 2: Conversion rate of IL-2 polypeptides to active type 



IL-2 concentration 


Guanidine hydrochloride concentration (M) 


(^g/mL) 


1 


1.5 


2 


2.5 


3 


3.5 


75 


79 


95 


102 


95 


82 


38 


150 


55 


66 


84 


91 


80 


31 
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Practical Example 3 

A pellet containing the IL-2 polypeptides obtained by the method described in 
Practical Example 1 was dissolved to an IL-2 concentration of 0,3 mg/mL in buffer A, 
and the resulting solution was then diluted 3-fold with buffer B, The solution was 
stirred for 12 hours as air was gently passed through. IL-2 fractions were then 
obtained by desalinization, ion exchange chromatography, and reverse phase HPLC 
according to the same methods described in Practical Example 2. The resulting IL-2 
had a specific activity of 4.9 x 10^ U/mg, and the location of the disulfide bonds was 
confirmed between Cys-58 and Cys-105. The yield of IL-2 polypeptides contained in 
the pellet was 72%. 

Practical Example 4 

A pellet containing the IL-2 polypeptides obtained by the method described in 
Practical Example 1 was suspended in 0.1 M Tris hydrochloric acid buffer (pH 8.0) 
containing 3 M guanidine hydrochloride, 10 mM GSH, and 1 mM GSSG, and the 
resulting suspension was gently stirred at room temperature for 24 hours. Insoluble 
fractions were centrifuged off, and IL-2 fractions were then obtained by desalinization, 
ion exchange chromatography, and reverse phase HPLC according to the same methods 
described in Practical Example 2. The resulting IL-2 had a specific activity of 
4.8 X 10^ U/mg, and the location of the disulfide bonds was confirmed between Cys-58 
and Cys-105. The yield of IL-2 polypeptides contained in the pellet was 65%. 

Practical Example 5 

A pellet containing the IL-2 polypeptides obtained by the method described in 
Practical Example 1 was suspended in 0.1 M Tris hydrochloric acid buffer (pH 8.0) 
containing 3 M guanidine hydrochloride, and the resulting suspension was stirred for 
24 hours at room temperature as air was passed through. Insoluble fractions were 
centrifuged off, and IL-2 fractions were then obtained by desalinization, ion exchange 
chromatography, and reverse phase HPLC according to the same methods described in 
Practical Example 2, The resulting IL-2 had a specific activity of 5.0 x lO'^ U/mg, and 
the location of the disulfide bonds was confirmed between Cys-58 and Cys-105. The 
yield of IL-2 polypeptides contained in the pellet was 52%. 
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Brief Description of the Drawings 

Figure 1 illustrates the steps for obtaining interleukin-2-producing microbes. 

Figure 1 
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m !) ^m^^K Lit c -tL-c^ t,(cto0f;tt 

BomHI T^fi?TU-CJ^4 5 0 m ^ <0 m t^ic ^ it o 



i: U X pDR 720 t « ffi L 7t o pDR 720 pKO-1 
( Buaaol.D.R. and B«Dn«tt, G.N.t Gon«, 20 * 
231 ( 1982 ))© Sra* I iSISf SB frC trp 7" a ;t - ^- , 
:t-ii^-:!'-mn7tf^mi^iin^i,€>'Ci>Z>. PDR720 
^ Hp»( t BainHl T m <fc U • :^ S Hp»I - B »mH I H?r>T- 
^ ^ . trpT'D^ — OlgSi AAGG ;Q: -6 SD E 

J^IjTl ht^ifCm^^m^iik ^ Ki^ATG^JSRJtt IL-2 

— . pBR322 OPtuD t Sail l;j»f»f>tO:^Sl/^ 

DNA i it 5 pTrpA ^: 4§ 7t . -t L "C pMl -9 t 
pTrpA i: % (C EcoRl t BamHl T (fc L pMI -9 H 
IL-2ite^$r^tr:^0»f)T', pTrpAtttrpA^- 

02^^ri3Ki^L-t:. pT9-ll^:?§;ft:o-ttt pT9-n 
5: X y ^ i; t T • 3 y HBIOK F" , hid S20 ( tb" . 
Ota') * r«cA13, ara-14. praA2i lacYl, e:alK2, 
rp»L20( Sm*") . xyl-5, ro■^^-l, aupE44, i " ) ij> 

ia^«:fi$5?'L, 1 2,000 x^, S^fBIit/C/^JgLT* 
IL-2 'l?';'€7'^K<DSI&t0K^L7to 

We>iX7tIL-2 rf^y-ST^^KiPt&^r. 6M^T 
- V ^ C Gun -HCZ ) 2 0ffl/W:^&)^LT. 

6M Gun-HCZ IC X pr« ft L7t % O «r PI Sa L , 

^o-q-h^^y^— frcxi? IL-2 rfey-er^ Kit 



^ 1 





IL-2 
(*) 


^ X -'^ ^ 51 Ef> CD 
IL-2fft2^ W 




9 2 


85 




1 00 


1 2 



tmiBS 61-257931 (4) 

A L X pTg-U/HBlOl t =f#7t o 

IL-2 I*?'; -^7*^ KUtfto wai! 

m^ifi . ( 256*-jt'?yK, 0. 2Sftat«j:«*^^, 
0. 5 55 NH^CZ .2sfi?^^3-j^,0. i?6 KHjPO^ , 
0. 0 5 56 MgS04 • 7 H^O , 0.0 0 5 * CaC^j • 2 HjO . 
0. 8 fV/me h - u ^ -y y , Q. 8 «V/oi£ L - 7" o U , 
8v/-^*!^'fT^v,100 M9/ml T X -V y V , 

2 5 Atf/n^ ^ h V7" V e/v ) ©MfiStOJ^lfe 

3 0 0a/it>Tr. T^'^^TtrpH^e. 2K:Mfi5L4 

6 6 0 nmOO.D. jdli'^X-tS. OfrCiaU/t^;^T. 
3 ' < > >^T;^y>«^ee25 ^^/nrf ^ Zra ;t "C . 

IL-2 jtfe^«r%31^-t7to 

•toft, iKifi&1:^feiC>, ffiSiO. 0 2 9 /ml Kit 
2>X5*^. SOraMO EDTA ^iM^itZOmUy^):^ 
tt[KIS«fflt(pH7. 5)K:frtX/«L, 1 -y/tn^ <h 35: 

X i>icy ^/ ^ ^ (^fb^xstaa. ^pa, 

> 5 0. 0 0 0 u /"^ ) ^*n;L. 1 0CfrC3 0^^^;to 
iXi/^T. C.O5'b20iB«1:4C, SOW, 10^ 
M^Wfl^^^LT ( :^S«f^^ Sonicator ffiffl ) 

6 M i^wt ^ r ^ ^ ^ tf 0. 1 M h yp^-j®^ig 

WfScCpH aO,JbiTA^B&-r ) ^C, IL-2 0. 3 

i;5:iX5frc®»L7to^oft, 0. IMhU 
^-«IffiK«tft01(pHa 0 ,J^T, BtB&-t)T. 
3 f& frC ^& ^ L • GSH R XJF GSSG ^-tit-ftt. iftil^ai 

V-i^tffl^^-C. pHt8(Cg)|||L7to Star. 12 
^fai#jtL;%:ft^fS'?KaO S MS^S^:^ h V Cr-tig 
«f?a(pH5. 0 )T^^(ffl:L;^-t7T^s'^J< 0-25 

^ :b i3 9 ^ i!^ a ^ h ;*^?7 ^ - K^L-r®^ 

•y-t^^UAlo 0, 0 5MS^Se:^hy!:'AjS««t 
(pH5.0 )-r^t»fkL7tCM--fe7T^P';^^C-25 

t jflS^ L >t * 7 A (C iftfll L . IL-2 $:R»5^7t 
ftlC, 0. 5MftK:^hiJCrA®(l5^a[CpH5. 0)-C, 
IL"2 t « fib U?t o 

IL-2 rf? y 'CT't- rSiW^^jiETOHPLC 
(4#B9ra 59-225195^C|2«t'3ixtlA^:)^Sfei 

tiit ih-2 if?v '«7*^ rfi, mmm^^ T - y V 
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^^fs^m^m^ ^m'&^^m-c ti 4.8x10' vy^a^ 
m^^TTi Lit o tit^-f-f- V ^ 1^ -^^ m^c t t> . 

M I L - 2 ( ProNAS .81 fl?1984 ) 6486-6490 ) tWi 
C < Cyo - 58 t C70 - 105 4> -6 C: ^ r3 ?t o 

j&^bOlBl(RStt8 6 5S-C^>->7to 
5^ifi 0lJ 2 

, BO^©«:^ft^-e-6«:tK:x t> IL-2 # 

2 

tixt, 5IJS^lK:ie®U7t:^&i:I^«S^CL-C, 
GSH i GSSG ^Q^^KtElSSafi^aHPLCT 

5j:r^>fi§<4M. -r ?i Cyo-58 Cy a -1 05 W IC 



miBg 61-257931 (5) 



IL-2 Si it 




=. 


t^ SC ( M ) 




ifi9/t!^ ) 


1 


1.5 


2 


2.5 


3 


a5 


75 


79 


95 


102 


95 


82 


38 


1 50 


55 


66 


84 


91 


80 


31 



^"^m 1 Kge®{U>t:;^«feK:x c-c?§7t il-2 u? 

y Kt'g'tr^^-'y S^?0CAK:rL-2 

m K 0. 3 ^/nt 5VC^}3L.JK^*-C@f5?8c 

ifi^2K:S2L7t:3^^lrCXl?, ^ifi. >f;4-:^?e^Ji^ 
o-vh^77^-.ifi!^ HPLC XJ^^r^S'C, IL-2 
ffi^^^fcc ^tbn.7t IL-2 «:4.9X10'' U/a?0 



Cyo-58- Cyo -105 -C ^ C: t 5i ® ^ H >t o 5t 

jj^-^uj. ^tf•^c-g•i£^^i il-2 ^^y -^t*^ r^^b 

o (sJiPt^ W: 7 2 * -C ^> ^ ^ o 
4 

1 ^Cig®L7t^^fe^CX->-C^§bi^7t IL-2 
rf?y'«7*^K4-'g-t>-«^yh** 3M^^^T- 
. 1 0 mM GSH . 1 roM GSSG ^: tf 0. 1 M h 

y^-^lffiSf5fl3t(pH8. 0 )lfCfi5fSL. M®T, 
2 4^ Hi). Sd-^C^I^LTt. as.D^i3iici^?-c^ 

HPLC i-ifTTiV^. IL-2®^^:^&7to ^bHTt IL-2 

W: , 4.8 X 1 o' u/ o ifc ft ^ ^ ^ L . 
KjSS -a- ^ Cyo-58 - 105 ^ ^ L t A: « ^ 7t . 

h^f^tc-^-itti IL-2 if?y '^T"^ yf-h<o^ 
K:Be(SKU7t:;5&K:x c»"C^§bn7t il-2 

v^r^tfO. lMhy^-m®®C5?0L(pH8. 0 )K 



LTto 5S/C/^[lVCXo-C>F<&i4®^^:^^L7tS^ 

^ijsfy2»cseujt:^2£K:xi?flata. ^^^^^t^^ 

a-^h^77^-*J£5fa HPLC * ?T ?3: ^ ® ^ 

^:^§>to ^e>ii.?tlL-2 II, 5.0 X 1 O' U/£V © Ifc 
fti^t^L, i^^^7-f K^S-e- t Cyo-58 - 105 fai 

vc^g-utrv^Tto tTt-^t/y >>(t'VC'i-*iixi il-2 

rf?y-S7"^K)Ci»bOlHlJR^W:, 5 2 95ti-:37to 
4. 01iOfS^3lfii£99 

rniSfl. -<^^-a-fe%*x2^^©5fe*toO^ 
g T «) A c 



o ^ tsfc ^ ^ tt 
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?5BaB3 61-257931 (.6) 



p»ti 

Oral 



BimHI flnKrr 
IL'Z BamHI 



BsmHI 




pBR3Z2 
I PvuU 



(trpA terminator} 




T 

EcoRI 



y 1* 




1^ pTrpA tP 

I CooRI 
j BaniHI 
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